Diallel crossesamong five resistant (Tzi4, Narin 0330, Hi34, Hi29, Ant.C5) and four susceptible (Hi32, Tx601, B73, Oh43) maize, Zea mays L., inbreds were used to determine the genetic control of resistance to damage by second-generation European corn borer, Ostrinia nubilalis Hübner. The nine parents and their 36 crosseseach received 10 applications of 50 larvae (500 larvae per plant). Six replications of five plants per plot were infested at anthesis. Visual ratings were taken of sheath and collar tissue 50 to 60 d after infestation based on a nine-point rating scale (1, no damage to 9, severe damage). Significant differences for resistance were observed among the nine parents and the 36 crosses.Ratings of individual crosses varied significantly and averaged 3.7 with range of 1.8 (Tzi4 × Narin0330) to 5.3 (B73 × Oh43). Heterotic effects for resistance of the 36 crossesaveraged -19.5%, which was equivalent to a difference of 1.78 on the rating scale. General (GCA) and specificcombining ability (SCA)mean squares were significant with GCA accounting for 82 and SCAfor 18% of the total variation among crosses.Among the nine parents, four (Tzi4, Narino330, Hi34, Ant.C5) showed greater GCA effects for resistance. 
in the U.S. Corn Belt and cause significant yield losses (Brindley et al. 1975 , Lynch 1980 . Firstgeneration European corn borer feeding damages leaves, and second-generation European corn borer causes sheath, collar, and stem tissue damage and causes more stalk lodging. Many available commercial hybrids and their parental lines are resistant to the first generation but are susceptible to the second generation (Klenke et al. 1986a , Guthrie & Russell 1988 . Parental lines tend to be more susceptible than hybrids. Depending on environmental conditions, European corn borer can become serious in certain years if the resistance of high-yield combining parental lines is not improved. Scott et al. (1967) reported yield reductions of 12% and Guthrie et al. (1975) reported reductions of 40% with the use of susceptible hybrids. Inbreds B52, B86, SC213, and DE811 and population BS9 are the commonly reported sources of second-generation resistance. Most of the widely Resistance to first-and second-generation European corn borer is conditioned by two different genetic systems, and the two generations are not correlated (Guthrie & Russell 1988) . Many genetic studies have been reported for resistance to first generation (Ibrahim 1954 , Penny & Dicke 1956 , Guthrie et al. 1960 , Scott & Dicke 1965 and for resistance to second generation (Guthrie et al. 1960 (Guthrie et al. , 1970 (Guthrie et al. , 1971 Jennings et al. 1974a, b; Onukogu et al. 1978; Klenke et al. 1986b) . A minimum of seven genes control resistance to the second generation and eight genes control resistance to the first generation (Ibrahim 1954 , Scott et al. 1967 , Onukogu et al. 1978 , Guthrie & Russell 1988 . Additive gene effects seem predominant in the inheritance of resistance, and recurrent selection methods have been used to accumulate alleles for resistance (Russell et al. 1979 , Hallauer & Miranda 1981 , Klenke et al. 1986b , Guthrie & Russell 1988 . Klenke et al. (1986a) reported increasing levels of resistance to second-generation European corn borer by recurrent selection in BS9 population. The increased levels of resistance, however, were associated with significant yield reductions in BS9 when grown under artificial European corn borer infestation. Vol. 82, no. 4 Sources with higher levels of resistance are needed in corn breeding programs in the Corn Belt. Genetic information for new sources will assist in developing lines with greater levels of resistance. The objectives of our study were to determine gene effects of tropical corn inbreds for resistance to second-generation European corn borer; to estimate their heterotic effects in hybrid combinations; and to estimate correlations of second-generation European corn borer resistance with other traits related to resistance.
Materials and Methods
Nine inbred lines that included six with tropical or subtropical germplasm and three with temperate germplasm were selected for this study ( Table  1 ). The 36 diallel crosses among the nine lines were produced by Logrono and Brewbaker, University of Hawaii, Honolulu. The nine parents and 36 crosses were planted at the Agronomy and Agricultural Engineering Research Center near Ames, Iowa on 24 April 1987. The experimental design was a randomized complete block with six replications. Each plot was a single row (4.88 m long) with 0.76 m between plots and 0.20 m between hills within a plot. B73 was planted around the test as a susceptible control. Fertilizer rates were 180 kg/ha of nitrogen, 100 kg/ha of super phosphate, and 100 kg/ha of potash. Plots were overplanted and later thinned to one plant per hill (S2,600 plants per ha). Five consecutive plants per plot received 10 applications of SO larvae (SOO larvae per plant) applied on five consecutive days. European corn borer larvae in corncob grits were placed around the collar of each corn plant at anthesis starting from the ear leaf, followed by one leaf below the ear leaf, and first, second, and third leaves above the ear leaf as described by Guthrie et al. (1971) . Sheath and collar feeding damage were rated in classes 1 to 9 (1 having no damage to 9 having extensive damage) SO to 60 cl after infestation .
Mean ratings of five plants per plot were used for statistical analyses. Analyses of variance were done for the data for 4S genotypes and partitioned into nine parents and their 36 crosses. Array means, expressed as the mean of all possible crosses of individual parent, also were calculated. Heterosis effects (percentage) for resistance were calculated from the midparental value of the two parents as (F 1 -MP)/MP x 100, where F, is cross and MP is average of two parents included in F,. Comparisons for heterosis effects also were made among resistant x resistant, resistant x susceptible, and susceptible x susceptible lines. Estimates of general (GCA) and specific (SCA) combining ability effects were estimated based on Griffing Method 4 and Model 2 (fixed) without reciprocals (Griffing 19S6) . Phenotypic correlation coefficients were calculated between second-generation resistance ratings and We achieved relatively uniform infestations with the artificial infestation of SOO larvae per plant. Differences in resistance ratings for 4S genotypes and for nine parents and 36 F 1 crosses were highly significant (P < 0.01). Average resistance ratings, were 3.9 for 4S genotypes, 4.6 for parents, and 3.7i for hybrids (Table 2) . Among the nine parents,~ three tropical inbreds, Tzi4 (IIT A, Interna-~ tional Institute of Tropical Agriculture, Nigeria),1· .
• Narino330 (Thailand), and Hi34 (Hawaii), showed. resistance with ratings of 2.S to 3.2. Ant.CS had ratings of S. 0 and Hi29 had ratings of 4. 7; these ratings show moderate resistance. Ant.CS (developed in Thailand) has the same genetic background (Antigua) of Hi34, but Ant.CS segregated for flowering and lodged more than Hi34. Antigua ha shown resistance to various insects in the tropics. The five parents with high or moderate resistanc flowered 100-llS cl after planting in Iowa an seem to be sensitive to photoperiod. Ratings fo Hi32, Tx601, B73, and Oh43 ranged from S.3 t 6.7, and these suggest greater susceptibility to second-generation European corn borer.
Resistance ratings of the 36 F, crosses ranged from 1.8 (Tzi4 x Narino330, a cross of two moreresistant lines) to S.2 (Hi32 x Oh43, a cross of tw more-susceptible lines). Three other crosse (Narino330 x Hi34, 2.2; Tzi4 x Hi34, 2.2; and Narino330 x Ant.CS, 2.3; which also were crosse among more-resistant parents) rated < 2.S. Three crosses (B73 x Oh43, S.3; Hi32 x Oh43, S.2; and Tx601 x Oh43, S.2) that had susceptible parents rated > S.O. Sheath and collar feeding ratings o crosses between susceptible genotypes were significantly greater than ratings of crosses between resistant genotypes.
Average heterosis effect for resistance of the 36 crosses was -19.S%, which is equivalent to 1.78 on a nine-point rating scale (Table 3 ). All crosses ex- •Rating scale 1 to 9; 1, no damage; 9, severe damage. hGrand mean= 3.9, parental mean= 4.6, and F 1 mean= 3.7.
cept two (Tzi4 x B73, Hi34 x Hi29) showed negative heterosis effects, which indicates more resistance in crosses. Range of heterosis effects was -42.9% (more resistant) for Narino330 x Ant.CS and + 14.9% (more susceptible) for Hi34 x Hi29.
A susceptible parent, B73, showed the lowest heterosis array mean (-10.8%) and a moderately resistant parent Ant.CS showed the highest heterosis array mean (-27.8%). Average heterosis effects of ,crosses between resistant (R) and susceptible (S) parents were -21.1 % for R x R (10 crosses), .-20.02% for R x S (20 crosses), and -12.87% for S x S (6 crosses). The mean heterosis effect of the S x S hybrids was significantly lower than that of R x Rat P < O.OS and R x S crosses at P < 0.10.
Mean squares for GCA and SCA were highly significant (P < 0.01). The GCA mean square also :was significantly greater than the SCA mean square and accounted for 82% of variability (based on sum .of squares) among crosses, which indicates the greater importance of additive gene effects for resistance to second-generation European corn borer. Similar results were reported in other studies for lhe predominant role of additive gene effects (Guthrie et al. 1970 (Guthrie et al. , 1971 Jennings et al. 1974a,b Nonadditive gene effects were significant for resistance in this study but their relative magnitude was small. Recurrent selection methods would be effective to accumulate resistant genes with predominantly additive gene effects. Selected hybrid combinations between R x R and R x S parents also can be identified to use nonadditive gene effects present in the resistant lines. Four resistant parents (Tzi4, Narino330, Hi34, and Ant.CS) had higher GCA effects for resistance that are expressed by negative values (Table 4) . The remaining five parents (four susceptible and one moderately resistant-Hi29) had lower GCA effects for resistance. The GCA effects of the two more-resistant parents (Tzi4 and Narino330) were two times greater (-0.93 and -0.88) than those of two moderately resistant parents (Hi34 and Ant.CS). Tzi4 also has showed antibiosis for resistance to an African stem borer, Sesamia calamistis Hmps (IIT A 1986).
Among the more susceptible parents, B73 showed the highest GCA effect for susceptibility (0.81), followed by Oh43 (0.60). B73 and its related lines are used in commercial hybrids in the U.S. Corn Belt. Second-generation European corn borer could •Grand mean= -19 . .5% , equa l to 1.78 rating more resistant. Mean beterosis effects(%): 10 Resistant x Resistant= -22.43 (SE= 3.09), 20 Resistant x Susceptible = -20.02 (SE = 2.00), 6 Susceptible x Susceptible= -12.87 (SE= 1.87). (Table 4 ). Five to six of the eight crosses of each parental line had some level of SCA effects for resistance. Tx601 and Hi32 had significant resistant SCA effects only in two crosses.
Tzi4
We estimated correlation coefficients among second-generation European corn borer ratings and days to 50% tasseling (anthesis), days to 50% silking, plant height, and ear height for the 45 entries (nine parents and 36 crosses). Correlations were highly significant for days to tasseling ( -0.51), days to silking (-0.45), plant height (-0.43), and ear height (-0.64). S.K.K. (unpublished data) showed similar correlations with 120 lines that originated from tropics, subtropics, and temperate areas. Correlations between resistance, later flowering, and taller plant and ear heights were associated with sensitivity to photoperiod, a major difficulty in using unadapted tropical germplasm in the temperate areas.
Data for lines included suggest that the lines with tropical germplasm are possible sources of resistance to the second-generation European corn borer, provided that the sensitivity to photoperiod does not have a negative effect in deriving lines with greater resistance. The backcross method could be used to recover a recurrent parent with greater resistance if the level of resistance was not diluted with successive backcrosses. In each backcross generation, self-pollinated progenies may have to be evaluated for level of resistance and sensitivity to photoperiod, those with acceptable traits would be intercrossed before backcrossing. The complexity of the breeding methods used would depend on specific crosses and the number of loci that affect resistance.
